A thermostable a-amylase gene (amyT631) from Bacillus stearothermophilus A63 1 was cloned into pBR322 and recloned into PUB1 10: the resulting plasmid was designated pTUB607. To investigate the processing from preproenzyme to mature enzyme, amyT63 I from pTUB607, after digestion with BAL31, was introduced into the B. subtilis a-amylase secretion vector pTUB285. Three chimaeric plasmids, pTUB613, pTUB616, and pTUB617, were isolated. The fused aamylases expressed from the three plasmids seemed to be synthesized as preproenzymes. From analysis of the NH,-terminal amino acid sequences of purified extracellular a-amylases, the precursors of the fused enzymes appeared to be cleaved at first between amino acids 31 and 32 from the translation initiator Met (positions -11 and -10 with respect to the beginning of the mature enzyme), and processed to mature extracellular enzymes in which the NH2-terminal amino acid sequences were the same as that of the parental pTUB607 a-amylase, in spite of the lengths of the prosequences and the amino acid composition near the secondary cleavage sites being different in each enzyme.
INTRODUCTION
Secreted proteins are usually synthesized as precursors with an NH2-terminal extension 'signal peptide', which is removed by a specific enzyme (Blobel & Dobberstein, 1975; Kreil, 1981) . We cloned the a-amylase gene from the chromosomal DNA of an a-amylasehyperproducing strain, Bacillus subtilis NA64, into the B. subtilis plasmid PUB1 10, which originated in Staphylococcus aureus (Yamazaki et al., 1983) . The precursor of the a-amylase contained an NH,-terminal extension of 41 amino acids as the putative signal peptide. We have more recently observed that the first 31 amino acids from the translation initiator Met were able to express the signal peptide function, and speculated that the precursor protein of the a-amylase was cleaved at least twice, first between positions 31 (Ala) and 32 (Ser), and subsequently between positions 41 (Glu) and 42 (Leu) (Ohmura et al., 1984) . These results suggested that the B. subtilis a-amylase would be synthesized as a preproenzyme, as in the case of B. subtilis alkaline and neutral proteases (Wong et al., 1986; Yang et al., 1984) .
To investigate how preproenzymes are processed to mature forms, we constructed artificial prepro-thermostable a-amylases by gene fusion. A thermosta$le a-amylase gene (amyT63I) from a thermophilic bacterium, Bacillus stearothermophilus A631, was cloned in PUB 1 10. am.yT631 with and without the portion of its signal-peptide-coding sequence, resulting from partial digestion by BAL31, was fused in the B. subtilis a-amylase secretion vector, in which the 41amino-acid signal peptide was encoded.
In this paper we describe the construction of the fused thermostable a-amylase gene, and the processing that takes place to form extracellular mature thermostable a-amylase. The NH2terminal amino acid sequences of the mature thermostable a-amylases constructed were identical to that of the parental enzyme.
IJKI solution.
Purijkation of the thermostable u-amylases from pTUB607, pTUB613, pTUB616 and pTUB6I7. B. subtilis strain 207-25 harbouring pTUB607, pTUB613, pTUB616 or pTUB617 was grown at 37 "C for 24 h in LG-medium supplemented with 10 pg kanamycin mll . Extracellular u-amylases were precipitated by ammonium sulphate (80% saturation) from individual culture fluids. The precipitates were dissolved in a small volume of 20 mM-Tris/HCl buffer (pH 7.5) containing 2 mM-CaCl,, and then dialysed extensively at room temperature against the same buffer. The dialysates were heated at 80 "C for 15 min to denature most of the protein, centrifuged at 8000 g for 10 min, and the supernatants were applied to DE52 cellulose columns, equilibrated, and eluted with the same buffer. u-Amylases, which were recovered in the flow-through fraction, were lyophilized, dissolved in and dialysed against the same buffer. The dialysates were separately subjected to gel filtration on Toyo-Pearl HW50 columns. The enzyme fractions were pooled. The yield of each u-amylase up to this step was approximately 30% of the initial total activity. The specific activities of the four u-amylases were expected to be equal because each purified sample contained almost identical amylase units per mg protein. The u-amylase preparations appeared as single bands by SDS-polyacrylamide gel electrophoresis according to the method of Laemmli (1970) . The preparations were used to determine the NH,-terminal amino acid sequences of the a-amylases after dialysis against distilled water.
Determination of the NH2-terminal amino acid sequences of cr-amylases. Samples (2-3 nmol) of the purified and dialysed a-amylases were subjected to an automated Edman degradation in an Applied Biosystems 470A gas- Km' Amy' transformants liquid phase protein sequencer. The phenylthiohydantoin amino acid derivatives were identified by HPLC on an Altex Ultrasphere ODS-PTH column against standards.
R E S U L T S
Analysis ofamyT631. By the determination of the DNA nucleotide sequence of amyT631 and its flanking regions in pTUB607, a single open reading frame for the thermostable a-amylase was identified (1647 bp ; 549 amino acids), starting from the GTG codon and ending at a TGA codon.
Construction and analyses of pTUB613, pTUB616 and pTUB617. In order to analyse the processing steps of fused proteins in the B. subtilis or-amylase secretion vector, chimaeric plasmids pTUB613, pTUB616 and pTUB617 were constructed according to the scheme shown in Fig. 1 . The 3.1 5 kb HinfI fragment including amyT631 from pTUB607 was partially digested with exonuclease BAL3 1. The resulting fragments, to which HindIII termini were added, were inserted into the HindIII site of the secretion vector pTUB285. The physical maps of pTUB613, pTUB616 and pTUB617 are compared with those of pTUB607 and pTUB285 in Fig. 2 .
To determine the location of amyT631 in the isolated chimaeric plasmids, DNA nucleotide sequences at and near the junctions between the secretion vector and the amyT632 fragments Pv Pv were analysed. The DNA nucleotide sequences and the deduced amino acid sequences at the NH2-terminal sides of amyT631 and its 5' flanking regions in pTUB613, pTUB616 and pTUB617 are outlined in Fig. 3 . The sequences were compared with those of the signal-peptidecoding regions of amyT631 in pTUB607 and of the B. subtilis a-amylase in the secretion vector pTUB285. The 34-amino-acid sequence of the amyT631 signal peptide was completely different from the sequence of the 41 amino acids (-41 to -1) in the B. subtilis a-amylase signal peptide (see Fig. 3) . The DNA nucleotide sequences also showed that the thermostable a-amylase proper starts from position 22 (Ala) in pTUB613,35 (Ala) in pTUB616, and 34 (Ala) in pTUB617, after the HindIII linker regions.
Amino acid sequences in the NH2-terminal regions of pur$ed a-amylases. The amino acid sequences of the NH,-terminal regions of the pTUB607, pTUB613, pTUB616 and pTUB617 aamylases are illustrated in Table 1 . The sequence in the pTUB607 a-amylase was Ala-Ala-Pro-Phe-Asn-as reported for other thermostable a-amylases from B. stearothermophilus DY-5 (Ihara et al., 1985) and CU21 (Nakajima et al., 1985) . The same amino acid sequences were also observed in the pTUB613, pTUB6!6 and pTUB617 a-amylases. However, considerable ? X S pTUB6 amounts of other amino acids were also detected in each amino-acid-determining cycle of the latter three a-amylases. Possible amino acid sequences from those amino acids were predicted as Ser-Ala-Glu-X-and Glu-Thr-Ala-X-. These amino acid sequences were coincident with the sequences at -10 (Ser) to -8 (Glu) and -8 (Glu) to -6 (Ala) in the 41-amino-acid signal peptide of the 8. subtilis a-amylase used in the secretion vector. These results indicated that the precursors of the fused thermostable a-amylases were synthesized as preproenzymes, cleaved at first between position -11 (Ala) and -10 (Ser), and that the resulting proenzymes were processed to mature enzymes whose NH,-terminal amino acid sequences were in all cases Ala-Ala-Pro-Phe-Asn-X-, although the lengths and amino acid composition of the propeptides of the fused enzymes were different from each other. of the pur$ed a-amylases. The major hydrolysis products from soluble starch by the four a-amylases preparations were maltose and maltotriose, in equal amounts. The electrophoretic mobilities of the four a-amylases in 7.5% acrylamide gels at pH 9.3 were identical.
Enzymic properties

DISCUSSION
The nucleotide sequence of amyT631 was almost the same as those of other thermostable aamylases from B. stearothermophilus CU21 (Nakajima et al., 1985) and DY-5 (Ihara et al., 1985) . The sequence of amyT631 differed in only three nucleotides (two amino acids in the predicted amino acid sequence) from that of the gene of the former a-amylase and in 27 nucleotides (15 amino acids) from the latter. The homology among the predicted amino acid sequences of the three thermostable a-amylases including signal peptides exceeded 98 %. Furthermore, the predicted amino acid sequence of the amyT631 product was fairly homologous to those of aamylases from B. amyloliquefaciens (66%) and B. licheniforrnis (65 %), although the predicted amino acid sequences of their signal peptides were different from each other (Takkinen et al., 1983; Yuuki et al., 1985) .
By determination of the NH,-terminal amino acid sequences of the fused thermostable aamylase preparations, it was shown that the signal peptide of B. subtilis a-amylase consisted of the first 31 amino acids from the translation initiator Met, as suggested by previous deletion analysis (Ohmura et al., 1984) . The amino acid sequence in the COOH-terminal region of the 31amino-acid signal peptide is Ala-Ala-Ala (positions -13 to -1 1 in Fig. 3) . The sequence agrees with the Ala-X-Ala sequence which had been reported as being the most frequent sequence preceding the signal peptidase cleavage site (Perlman & Halvorson, 1983 ). Thus we speculated that the precursors of the fused thermostable a-amylases from pTUB613, pTUB616 and pTUB617 would first be cleaved between positions -11 (Ala) and -10 (Ser) by a signal peptidase to secrete proenzymes to the culture medium. The presence of proenzymes in the culture media of strains carrying pTUB613, pTUB616 or pTUB617 was also observed in an analysis by SDS-polyacrylamide gel electrophoresis (unpublished). The sequences Ser-Ala-Glu-X-and Glu-Thr-Ala-X-, corresponding to the amino acid sequences for positions -10 to -8 and -8 to -6, respectively, could be intermediates. The major NH,-terminal amino acid sequences of the purified pTUB613, pTUB616 and pTUB617 a-amylase preparations were in all cases Ala-Ala-Pro-Phe-X-, coincident with the sequence of the pTUB607 a-amylase.
The amino acid sequences at the secondary cleavage sites of the proenzymes from pTUB613 and pTUB617 were predicted to be Ala-Lys-AlaJAla and Ala-Trp-AlaJAla, respectively. These sequences are similar to the sequence at the signal peptide cleavage site of pTUB607 aamylase. Thus it seems probable that the NH,-terminal amino acid sequences of the mature pTUB613 and pTUB617 a-amylases are identical to that of pTUB607 a-amylase. In contrast, the sequence at the secondary cleavage site of the proenzyme from pTUB616 was predicted to be Gln-Ala-CysJAla, quite different from the sequences of the other three proenzymes. However, the NH2-terminal amino acid sequence of the mature pTUB616 a-amylase did coincide with the sequences of the other three enzymes. Furthermore the lengths of the pro-sequences in the three proenzymes are different from each other. These results suggest that the secondary cleavage of the proenzymes is related to some peptidase(s), such as maturation peptidase (Shiroza et al., 1985) , other than signal peptidase. It is noteworthy that the NH2-terminal amino acid sequences of mature enzymes seemed to be determined by the enzymes themselves.
The fused thermostable a-amylases, artificially constructed, were synthesized as preproenzymes and their signal peptides were removed during secretion. The proenzymes were then processed to mature enzymes which had the same NH,-terminal amino acid sequence as the parental thermostable a-amylase, although the lengths and amino acid composition of the propeptides differed.
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